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INTRODUCTION: 

Protein  kinases  are  well  defined  regulatory  molecules  involved  in  almost  every  cellular 
process  including  cell  motility,  metabolism,  proliferation  and  differentiation.  Aberrant 
expression  or  mutations  in  kinases  has  been  shown  to  drastically  alter  vital  cell  functions.  In  the 
breast,  there  are  many  examples  of  protein  kinases  acting  as  growth  factor  receptors  or  mediators 
of  signal  transduction  cascades  leading  to  differentiation  in  normal  breast  tissue.  Carcinogenic 
transformation  often  results  from  mutations  or  aberrant  expression  of  molecules  such  as  c- 
erbB2/HER2/neu,  the  EGF  receptor,  the  FGF  receptor  family,  and  Met(l-4).1-4  The 
aforementioned  kinases  are  examples  of  the  direct  relationship  between  normal  development  and 
carcinogenesis.  As  such,  the  protein  kinase  family  is  a  prime  candidate  family  of  molecules  for 
studying  the  processes  of  development  and  carcinogenesis  and  their  relationship  to  each  other. 

In  the  mammary  gland,  development  and  carcinogenesis  are  fundamentally  related.  For 
example,  a  woman’s  reproductive  history  is  directly  related  to  her  risk  for  developing  breast 
cancer.  Having  a  child  early  in  life  (under  30  years  old)  results  in  an  overall  decreased  lifetime 
risk  for  developing  breast  cancer  when  compared  to  a  nulliparous  woman  and  having  a  child  later 

c  n 

in  life  actually  increases  a  woman’s  lifetime  risk  for  developing  breast  cancer  .  Other  events 
which  are  related  to  the  differentiation  of  the  mammary  gland  such  as  early  menarche  or  late 
menopause  also  affect  a  woman’s  risk  for  developing  breast  cancer  in  her  lifetime8, 9.  Therefore, 
the  mammary  gland  is  an  excellent  model  system  for  studying  the  relationship  between 
development  and  cancer. 

PRELIMINARY  STUDIES: 

The  very  fact  that  many  tyrosine  kinases  can  function  as  oncogenes  in  the  breast  suggests 
that  phosphorylation  events  play  critical  roles  in  the  regulation  of  cell  growth  and  differentiation 
in  the  mammary  gland.  Therefore,  we  initiated  and  carried  out  a  screen  designed  to  both  identify 
protein  kinases  expressed  in  the  mammary  gland  and  to  determine  which  kinases  may  be  playing 
a  role  in  development  and  carcinogenesis  based  upon  their  expression  patterns10.  As  a  first  step 
in  this  study,  we  first  identified  protein  kinases  expressed  in  the  mammary  gland  by  employing 
degenerate  PCR  techniques  to  create  a  protein  kinase  catalytic  domain  library.  Degenerate 
oligonucleotides  designed  to  recognize  nucleotide  sequences  corresponding  to  highly  conserved 
amino  acids  in  kinase  catalytic  subdomains  VI  and  IX  were  used  to  amplify  200  bp  catalytic 
domain  fragments  (Fig.  1A)11.  To  increase  the  likelihood  of  amplifying  a  wide  variety  of 
kinases,  first  strand  template  cDNA  was  generated  from  mammary  gland  tissue  taken  at  various 
developmental  stages  and  from  mammary  epithelial  tumor  cell  lines  from  different  mouse 
models  of  breast  cancer.  To  identify  protein  kinases  amplified  in  the  library,  1500  transformants 
were  screened  by  sequencing  and  colony  lift  hybridization.  From  this  screen  41  kinases  were 
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identified  including  33  tyrosine  (18  RTK,  15  non-RTK)  and  8  serine/threonine  kinases,  3  of 

1 9 

which  appear  to  be  novel(12)  (Fig.  2)  . 

Based  upon  sequence  ananlysis  within  the  highly  conserved  catalytic  region  spanning 
subdomains  VI  through  IX,  we  were  able  to  identify  the  novel  kinases  as  serine/threonine  kinases 
(Fig.  IB).  The  subjects  of  this  report,  A32  {Hunk)  and  143  {Pune),  both  contain  invariant  amino 
acids  common  to  all  protein  kinases.  In  addition,  residues  conserved  between  all 
serine/threonine  kinases,  as  opposed  to  tyrosine  kinases  as  shown  in  Fig.  1  A,  are  conserved 

i  o 

within  A32  and  143  .  Homology  by  blast  sequence  analysis  also  confirms  that  both  A32  and 

143  share  homology  with  known  serine/threonine  kinases.  A32  appears  to  be  a  novel  member  of 
the  SNF1  family  and  143  shares  close  homology  with  the  calcium-calmodulin  (CaM)  dependent 
family  of  serine/threonine  kinases. 

In  order  to  determine  which  kinases  may  be  playing  a  role  in  development,  we  screened 
for  kinases  with  developmentally  regulated  mRNA  expression  patterns  .  Although  unregulated 
mRNA  expression  does  not  rule  out  the  possibility  that  a  molecule  may  be  functioning  during 
development,  upregulation  of  a  kinase  during  a  distict  developmental  timepoint  suggests  a  role 
during  that  particular  developmental  stage.  To  address  steady  state  mRNA  levels,  Northern 
hybridization  analysis  was  used  to  examine  the  expression  of  each  kinase  during  mammary  gland 
development.  Mammary  glands  from  mice  were  harvested  at  different  timepoints  during 
mammary  gland  development  including  puberty,  adult  virgin,  early,  mid  and  late  pregnancy, 
lactation  and  early,  mid  and  late  regression.  Six  duplicate  Poly(A)+  Northern  blots  were 
produced  and  then  hybridized  with  200  bp  kinase  catalytic  domain  probes  made  from  the 
fragments  isolated  in  the  degenerate  PCR  screen.  Phosphorimager  analysis  was  used  to 
quantitate  expression  levels  for  each  kinase  and  to  control  for  dilutional  effects  of  milk  protein 
production  during  lactation,  kinase  expression  was  normalized  to  actin  expression  levels.  As 
shown  in  figure  3,  most  kinases  were  regulated  at  the  RNA  level  during  development  and  kinases 
could  be  placed  into  groups  with  similar  expression  patterns.  A  few  kinases  such  as  Tiel  and 
Ron  had  unique  expression  patterns  with  highest  expression  in  male  or  prepubescent  glands. 
Regulation  during  pregnancy  was  observed  fairly  often,  however,  almost  every  profile  was 
unique  in  that  some  kinases  came  up  early  in  pregnancy  {SK2  and  Abl),  some  later  (Hck  and  Src) 
and  the  expression  of  a  couple  of  kinases  peaked  during  lactation  when  normalized  to  actin  {Akt 
and  Fes).  Other  kinases  were  downregulated  during  pregnancy  when  compared  to  an  age- 
matched  virgin  gland  {FgfRl,  Axl,  and  Jakl)  and  a  few  show  highest  expression  during  early 
regression  {Tyro3,  Mlkl,  and  Ctk)  suggesting  that  these  kinases  may  be  playing  a  role  in  the 
restructuring  of  the  gland  following  lactation.  When  compared  to  a  proliferation  marker  such  as 
cyclin  A  (data  not  shown)  a  few  kinases  such  as  Ebk,  Tyro  10  and  Hek2  had  a  pattern  that  seemed 
to  correlate  with  proliferation  with  a  peak  in  puberty,  early  pregnancy  and  a  slight  upregulation 
in  regression.  Compared  to  actin  and  GAPDH  profiles,  unregulated  expression  was  also 
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observed  for  some  kinases  (data  not  shown).  Although  many  changes  in  expression  are  subtle 
(less  than  2-3  fold),  several  kinases  show  dramatic  changes  in  expression  during  mammary  gland 
development. 

Two  of  the  kinases  that  show  a  more  dramatic  change  during  postnatal  development  in 
the  mammary  gland  were  the  novel  kinases.  Hunk  and  Pune.  Due  to  the  low  expression  levels 
of  these  molecules,  we  turned  to  a  more  sensitive  assay,  ribonuclease  protection  to  assess 
changes  of  Hunk  and  Pune  during  mammary  gland  development.  Antisense  probes  were 
generated  to  the  catalytic  domain  of  Hunk  and  to  the  3’  UTR  of  Pune  and  then  hybridized 
overnight  with  total  RNA  isolated  from  mammary  gland  of  mice  at  different  developmental 
timepoints.  As  shown  in  figure  4,  Hunk  levels  were  markedly  upregulated  early  in  pregnancy,  a 
period  characterized  by  rapid  alveolar  proliferation  and  differentiation.  Pune  was  also 
upregulated  in  pregnancy,  but  in  contrast  to  the  rapid  downregulation  of  Hunk  by  midpregnancy, 
expression  of  Pune  continued  to  rise  until  it  peaked  late  in  pregnancy.  When  normalized  to  actin, 
Pune  expression  drops  back  to  basal  levels  during  lacation.  This  suggests  that  Hunk  may  be 
playing  a  role  in  early  differentiation  of  the  mammary  gland  during  pregnancy  and  Pune  may  be 
functioning  at  a  later  developmental  stage  during  pregnancy.  Since  many  kinases  including 
Hunk  and  Pune  show  developmental^  regulated  expression  patterns,  this  screen  alone  was  not 
sufficient  to  focus  our  efforts  on  kinases  which  may  be  playing  a  role  in  mammary  gland 
development.  As  such,  we  also  screened  for  kinases  with  interesting  spatial  expression  patterns 
within  the  mammary  gland  and  for  kinases  overexpressed  in  breast  tumor  cell  lines  which  may 
suggest  a  role  in  carcinogenesis. 

In  order  to  define  the  spatial  expression  patterns  within  the  mammary  gland,  the 
expression  of  a  selection  of  kinases  was  assayed  by  in  situ  hybridization  analysis  (data  not 
shown)14.  Expression  patterns  within  this  select  group  varied  from  exclusively  epithelial 
expression,  stromal  expression,  expression  in  distinct  structures  within  the  epithelium  (TEBs  and 
developing  alveoli)  to  ubiquitous  expression.  Although  we  detected  expression  in  specific 
structures  such  as  in  alveolar  buds  and  not  adjacent  epithelial  duct,  the  expression  pattern  was 
fairly  uniform  between  cells  within  an  expressing  structure  for  every  kinase  investigated  except 
for  the  novel  kinases,  Hunk  and  Pune  which  have  highly  variable  expression  levels  between 
adjacent  epithelial  cells  (Fig.  5).  Consistent  with  our  RNase  protection  data.  Hunk  expression  is 
higher  at  day  7  of  pregnancy  compared  to  day  20.  The  upregulation  observed  in  total  RNA  by 
RNase  protection  appears  to  be  the  result  of  dramatic  upregulation  with  a  subset  of  epithelial 
cells  within  the  gland.  The  same  is  true  for  Pune  expression.  Highest  expression  of  Pune  is 
observed  in  the  mammary  gland  just  prior  to  partruition  with  a  few  cells  expressing  at  very  high 
levels.  This  strikingly  punctate  expression  pattern  was  not  observed  for  other  kinases  examined 
and  suggests  that  Hunk  and  Pune  are  differentially  expressed  in  distinct  epithelial  cell  subtypes  in 
the  breast  that  are  differentially  regulated  during  pregnancy. 
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Transgenic  mouse  models  of  human  breast  cancer  have  been  generated  where 
commonly  amplified  and  overexpressed  genes  such  as  neu,  H-ras,  int-2  and  c-myc  are 
overexpressed  in  the  murine  mammary  gland  using  the  MMTV  promoter15'17.  Transgenic  mice 
overexpressing  these  oncogenes  develop  mammary  tumors  which  have  been  described  to  mimic 
human  breast  cancers  with  the  same  initiating  events.  Patients  with  Neu  amplification  and 
overexpression  respond  differently  to  hormonal  treatment  than  do  patients  with  c-myc 
amplification  and  overexpression  indicating  that  myc  and  neu  initiated  tumors  are  fundamentally 
different.  Another  indication  that  the  biology  of  the  tumors  is  somehow  different  is  the 
observation  that  tumors  arising  in  Neu  transgenic  mice  are  morphologically  and  histologically 
distinct  from  the  c-myc  initiated  tumors18, 19.  For  example,  Neu  overexpressing  tumors  have 
been  characterized  as  being  less  differentiated  than  c-myc  transformed  tumors.  As  such, 
expression  of  protein  kinases  in  c-myc  and  Neu  initiated  tumor  cell  lines  may  shed  some  light  on 
the  signal  transduction  pathways  activated  by  or  the  cell  types  transformed  by  these  oncogenes. 

As  a  second  screen  designed  to  identify  kinases  potentially  involved  in  breast  cancer,  we 
determined  the  expression  of  each  protein  kinase  in  a  panel  of  mammary  epithelial  tumor  cell 
lines  derived  from  independent  mammary  adenocarcinomas  arising  in  transgenic  mice  expressing 
either  the  neu,  c-myc,  H-ras,  or  int-2  oncogenes.  Expression  patterns  of  the  protein  kinases 
varied  from  no  expression  to  ubiquitous  expression  and  surprisingly,  many  kinases  were 
expressed  in  some  tumor  cell  lines,  but  not  in  others  (Figure  6A).  Of  the  41  kinases  examined, 
only  two  showed  an  expression  pattern  that  correlated  with  transformation  by  a  particular 
oncogene.  As  shown  in  Figure  6B,  Hunk  is  expressed  in  8/8  neu  and  H-ras  initiated  tumors  with 
low  levels  of  expression  in  a  non-transformed  mammary  tumor  cell  line,  NMuMG.  Pune  also 
exhibited  an  oncogene-restricted  expression  pattern  which  was  opposite  of  that  observed  for 
Hunk.  Pune  expression  is  only  detected  in  tumor  cell  lines  derived  from  int-2  and  c-myc 
transgenic  animals.  Consistent  with  their  epithelial  expression  pattern  by  in  situ  analysis,  neither 
kinase  was  expressed  in  the  fibroblast  cell  line,  3T3,  suggesting  that  both  kinases  may  be 
epithelial  specific.  Their  mutually  exclusive,  oncogene-restricted  expression  patterns  suggest 
that  Hunk  and  Pune  are  either  downstream  of  their  respective  oncogenes  or  that  possibly  these 
kinases  are  markers  for  epithelial  cell  subsets  that  are  preferentially  transformed  by  a  particular 
oncogenes.  Experiments  designed  to  address  these  questions  are  addressed  in  objective  III. 

Taken  together,  our  initial  results  suggest  that  we  have  identified  two  novel 
serine/threonine  kinases  that  may  by  playing  a  role  in  mammary  gland  development  and/or 
carcinogenesis.  Hunk  and  Pune  are  both  developmental^  regulated  with  Hunk  levels  highest 
early  in  pregnancy  and  Pune  expression  peaking  late  in  pregnancy.  These  kinases  are  also 
expressed  in  mutually  exclusive  subsets  of  mammary  epithelial  cell  lines  with  defined  initiating 
events  which  are  relevant  to  human  cancers.  Tumor  cell  lines  from  H-ras  and  neu  transgenic 
animals  express  Hunk,  whereas  c-myc  and  int-2  initiated  tumor  cell  lines  express  Pune.  In 
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addition,  their  punctate  spatial  expression  patterns  suggest  that  Hunk  and  Pune  may  be  markers 
for  mammary  epithelial  cell  subtypes.  As  such,  we  initiated  further  investigation  of  the  role  of 
Hunk  and  Pune  in  mammary  gland  development  and  carcinogenesis.  In  addition  to  the  data 
presented  above,  we  summarize  below  our  progress  towards  completion  of  the  objectives 
outlined  in  our  proposal  and  statement  of  work. 

BODY: 

Technical  Objective  I:  Isolate  and  characterize  full-length  murine  cDNA  clones  for  novel 
protein  kinases. 

Taskl:  Months  1-12:  Isolate  full-length  cDNA  clones  for  novel  kinases 

In  order  to  obtain  full-length  cDNA  clones  for  Hunk  and  Pune,  cDNA  libraries  were 
screened,  cDNA  clones  were  obtained  and  sequencing  was  performed  on  both  the  plus  and  minus 
cDNA  strands.  Full-length  cDNA  clones  have  been  isolated  from  either  a  day  14  mouse  embryo 
library  {Hunk)  or  a  murine  brain  library  {Pune).  Consistent  with  the  full-length  transcript  as 
detemined  by  Northern  analysis  (Fig.7A),  a  5024  nucleotide  cDNA  has  been  isolated  for  Hunk. 
Although  no  stop  codon  is  observed  upstream  of  the  putative  translational  initiation  codon  in  this 
clone,  several  lines  of  evidence,  including  high  homology  in  the  ORF  with  a  recently  isolated 
human  cDNA  clone,  suggests  that  we  have  isolated  the  entire  coding  region  of  Hunk .  The 
cDNA  clone  for  Hunk  is  extremely  GC-rich  at  the  5’  end,  greater  than  80%  over  the  first  173 
nucleotides.  This  suggests  tight  translational  control  .  There  is  a  putative  initation  codon  at 
nucleotide  72  and  an  inframe  stop  at  nucleotide  2216  resulting  in  an  open  reading  frame  of  714 
amino  acids  and  a  3kb  3’  untranslated  region.  In  vitro  translation  of  Hunk  results  in  a  protein 
product  consistent  with  the  predicted  molecular  weight  of  79.6  KDa  (Fig.7B). 

Three  full-length  Pune  cDNA  clones  ranging  from  1455  to  1510  nucleotides  were 
isolated  from  a  murine  brain  cDNA  library.  These  clones  differed  only  in  their  5’  UTR  sequence 
the  significance  of  which  has  not  been  determined.  Northern  analysis  reveals  an  mRNA 
transcript  of  approximately  1.5  kb,  consistent  with  the  sizes  of  the  cDNA  clones  isolated  (Fig 
7A).  Conceptual  translation  of  the  343  amino  acid  open  reading  frame  predicts  a  protein  product 
of  38.6  KDa,  similar  to  the  protein  produce  size  observed  following  in  vitro  translation  of  Pune 
cDNA  (Fig.  7B). 

Task  2:  months  1-12:  Characterize  structure  of  protein  kinases. 
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Hunk  cDNA  codes  for  a  protein  of  714  amino  acids  with  a  kinase  catalytic  domain 
spanning  amino  acids  58  through  319  (Fig.8).  This  domain  contains  all  residues  conseved 
between  serine/threonine  kinases.  In  addition,  a  recently  described  SNF1  homology  domain 
(SNH)  is  found  C-terminal  to  the  catalytic  domain  .  The  SNH  domain  is  described  to  be  a 
region  conserved  between  SNF1  family  members,  but  the  funtion  is  unknown.  The  C-terminal 
region  of  Hunk  does  not  appear  to  share  significant  homology  with  other  known  molecules  and 
protein  analysis  software  has  not  been  informative  in  identifying  conserved  motifs  for  Hunk 
outside  of  the  kinase  and  SNH  domains. 

The  kinase  catalytic  domain  of  Pune  stretches  from  amino  acid  13  to  272  and  contains  all 
amino  acids  conserved  within  serine/threonine  kinases  (Fig.  8).  Just  C-terminal  to  the  kinase 
domain  is  a  regulatory  domain  common  to  members  of  the  CaM  kinase  family  (amino  acids 
273-316).  This  domain  is  comprised  of  an  N-terminal  autoinhibitory  domain  overlapping  with  a 
calcium/calmodulin  (CaM)  binding  domain.  In  the  presence  of  calcium,  calmodulin  binds  to  this 
regulatory  domain  and  changes  the  conformation  of  CaM  kinases  so  that  the  autoinhibitory 
domain  is  no  longer  able  to  bind  the  kinase  domain  thus  relieving  inhibition.  Alignment  of  Pune 
with  other  CaM  kinases  also  reveals  lower  homology  in  the  unique  C-terminal  domain  with 
CaMKI  and  CaMKTV.  This  region  has  been  described  to  be  involved  in  oligomerization  and 
subcellular  localization  of  the  protein23.  Homology  in  this  region  suggests  that  Pune,  CaMKI 
and  CaMKTV  may  share  similar  binding  partners  or  may  have  similar  subcellular  localization  . 
Although  CaMKI  appears  to  be  cytoplasmic24,  CaMKIV  is  localized  to  the  nucleus  and  has  been 
implicated  in  transcriptional  regulation25.  As  such,  the  subcellular  localization  of  Pune  may  be 
informative  in  elicidating  its  function. 

In  order  to  determine  the  relationship  between  Hunk,  Pune  and  other  serine/threonine 
kinases,  we  used  multiple  sequence  alignment  software  to  align  Hunk  and  Pune  with  closely 
related  proteins.  Sequence  from  kinase  catalytic  subdomains  I  though  XII  were  used  in  this 
analysis.  Interestingly,  Hunk  and  Pune  are  both  related  to  molecules  that  are  within  the  same 
group  of  serine/threonine  kinases,  the  calcium  regulated  kinases  .  This  group  of  the  kinase 
family  tree  contains  members  of  both  the  SNF1  family  and  the  calcium/calmodulin  dependent 
(CaM)  family  of  serine/threonine  protein  kinases.  Two  more  distantly  related  kinases,  PKCa 
and  MAPK2,  were  included  in  the  analysis  to  emphasize  the  close  relationship  between  the 
SNF1  and  CaM  kinase  families. 

Sequence  analysis  of  Pune  confirms  homology  to  the  CaM  kinase  family.  These 
calcium/calmodulin  dependent  protein  kinases  include  smooth  muscle  myosin  light  chain  kinase 
(MLCK),  DAPK  ,and  the  well  described  CaMKII  subfamily,  otherwise  known  as  the 

Oft 

multifunctional  CaM  kinases  .  Pune  is  most  closely  related  to  CaMKI,  although  the  homology 
between  Pune  and  CaMKI  is  lower  than  homology  between  all  four  members  of  the  CaMKII 
subfamily  (data  not  shown).  Within  the  kinase  domain,  Pune  is  70%  identical  to  CaMKI  and 
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approximately  50%  identical  to  CaMK  II  and  IV.  Homology  is  also  high  in  the  regulatory 
domain  which  consists  of  the  autoinhibitory  and  calmodulin  binding  regions.  Structural  analysis 
also  reveals  the  presence  of  two  unique  regions  of  Pune  at  both  the  extreme  N-  and  C-terminus. 

Although  Hunk  is  most  closely  related  to  Snf  1  kinase  family,  it  does  not  fall  within  one  of 
the  subfamilies  within  this  group.  Two  main  branches  exist  within  the  Snf  1  family.  One 
contains  SNF1  and  its  plant  homologues,  NPK5,  AKinlO,  BKIN12,  and  Rkinl  as  well  as  the 
SNF1  mammalian  homolog  AMPK.  SNF1  itself  is  required  for  glucose  metabolism  derepression 
in  yeast  by  allowing  genes  to  be  expressed  in  the  presence  of  glucose.  Other  SNF1  family 
members  in  plants  have  been  implicated  in  cellular  response  to  stress,  either  nutritional  or 
environmental,  and  it  has  been  suggested  that  they  are  responding  to  decreased  AMP/ ATP 
levels27.  Interestingly,  the  plant  proteins  have  been  shown  to  be  expressed  in  distict  structures 
within  the  plant28.  The  other  main  branch  of  the  SNF1  family  contains  the  newly  emerging  field 
of  SNF1  kinases  involved  in  differentiation  and  cell  cycle  control,  MARK1,  MARK2,  C- 
TAKl/p78,  Msk,  and  par-1.  Markl  and  Mark 2  phosphorylate  microtubule-associated  proteins 
resulting  in  microtubule  disruption  in  the  cell  .  Interestingly,  a  close  relative  of  these 
microtubule-phosphorylating  molecules,  C-TAKl/p78  has  been  implicated  in  cell  cycle 

on 

regulation.  C-TAK1  has  been  implicated  in  cell  cycle  checkpoint  regulation  and  p78  is 
downregulated  in  advanced  pancreatic  cancers31.  In  addition,  Par-1,  the  c.elegans  homologue  of 
C-TAKl/p78  is  asymmetrically  localized  in  the  embryo  and  is  required  for  establishing  polarity 
in  the  embryo32.  Another  SNF1  family  member,  Mskl,  is  expressed  in  the  developing 
myocardium  and  is  downregulated  upon  differentiation  suggesting  a  role  in  the  development  of 
the  mouse  myocardium33.  Less  closely  related  to  this  family  is  WpH34,  a  wheat  protein  which, 
by  homology  appears  to  define  its  own  branch  within  this  family.  Like  Wpk4,  Hunk  diverges 
from  the  SNF1  family  at  roughly  the  same  place  as  the  other  two  main  branches.  Thus,  based 
upon  homology  within  the  kinase  domain,  Hunk  appears  to  define  a  new  class  of  SNF1  kinases, 
the  members  of  which  have  been  implicated  in  both  development  and  carcinogenesis  in  higher 
eukaryotes. 

Objective  II:  Characterize  temporal  and  spatial  expression  patterns 

Task  1:  months  6-24:  Characterize  the  temporal  expression  patterns  during  mammary  gland 
development 

Task  2:  months  1-24:  Characterize  the  spatial  expression  patterns  of  the  novel  kinases  in  the 
murine  mammary  gland  during  development. 
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The  temporal  and  spatial  mRNA  expression  patterns  of  Hunk  and  Pune  during  murine 
mammary  gland  development  are  described  in  detail  in  the  preliminary  studies  section. 
Additional  expression  data  is  described  below. 

Although  a  great  deal  of  regulation  is  observed  for  both  Hunk  and  Pune  at  the  RNA  level, 
information  regarding  protein  regulation  including  translational  control,  postranslational 
modification  and  subcellular  localization  may  give  insight  into  the  biological  role  of  these 
molecules  during  mammary  gland  development.  To  this  end,  antisera  have  been  raised  against 
recombinant  GST  fusion  proteins  to  3  non-overlapping  regions  of  both  Hunk  and  Pune.  Each 
antigen  has  been  injected  into  2  rabbits  and  antisera  is  in  the  process  of  being  tested  for 
specificity  to  the  antigen  it  was  raised  against.  Data  so  far  suggests  that  antisera  raised  against 
the  middle  and  C-terminal  ends  of  Hunk  recognizes  recombinant  fusion  protein  in  a  bacterial 
lysate  reasonably  well  and  the  antisera  from  one  rabbit  immunized  with  the  N-terminal  region  of 
Hunk  recognizes  recombinant  protein  by  Western  ananlysis  extremely  well.  This  antisera 
(UP1015)  has  been  affinity  purified  and  its  specificity  being  evaluated  for  use  by  Western  blot 
analysis,  immunoprecipitation  and  immunohistochemistry.  Antisera  raised  against  Pune 
recombinant  proteins  are  still  in  the  process  of  being  tested  against  bacterial  lysates.  Due  to  the 
high  homology  between  Pune  and  other  members  of  the  CaM  kinase  family  which  are  roughly 
the  same  size  molecular  weight  proteins,  it  will  be  important  to  prove  that  antisera  generated 
against  Pune  do  not  cross  react  with  other  CaM  kinase  family  members. 

In  addition  to  characterizing  Hunk  and  Pune  expression  in  the  mammary  gland,  we  also 
investigated  their  expression  patterns  during  embryogenesis  and  in  adult  organs.  Levels  of  Hunk 
and  Pune  in  total  RNA  isolated  from  embryos  during  3  stages  of  gestation  shows  an  expression 
pattern  similar  to  that  seen  in  the  developing  mammary  gland  (Fig.  10A).  Both  kinases  are 
upregulated  in  midgestation  as  cells  are  rapidly  dividing  and  differentiating.  By  embryonic  day 
18.5,  many  cells  have  completed  the  differentiation  process  yet  continue  to  divide.  Similar  to  its 
expression  during  mammary  gland  development,  Hunk  expression  decreases  after  much  of  the 
differentiation  process  is  complete,  and  Pune  levels  remain  elevated. 

Spatial  expression  of  Hunk  and  Pune  at  embryonic  day  18.5  is  shown  in  Figure  10B. 

Both  kinases  are  expressed  in  distinct  structures  within  the  embryo.  Hunk  is  expressed  at  highest 
levels  in  the  skin  and  hair  follicles,  lung,  kidney,  salivary  gland,  and  in  specific  regions  of  the 
brain.  Pune  RNA  is  detected  in  bone,  regions  of  the  developing  brain,  and  the  outer  lining  of  the 
intestines. 

Figure  1 1  illustrates  the  expression  of  Hunk  and  Pune  in  adult  organs.  Highest 
expression  of  Hunk  is  observed  in  ovary,  lung,  and  brain  with  lower  levels  in  breast,  uterus, 
thymus,  liver,  kidney,  and  duodenum.  As  shown  in  our  1997  annual  report,  expession  of  Hunk  is 
affected,  at  least  in  the  uterus  and  breast,  by  treatment  of  animals  with  estradiol  and 
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progesterone.  Therefore,  we  predict  Hunk  expression  in  hormonally  responsive  organs  to 
fluctuate  with  the  estrous  cycle  and  it  is  possible  that  expression  of  Hunk  is  highest  in  the 
mammary  gland  during  early  pregnancy.  Pune  expression  is  highest  in  brain  with  moderate 
levels  in  hormonally  responsive  tissues  such  as  breast,  testis,  ovary,  and  uterus.  Expression  is 
also  detected  in  stomach,  heart  and  muscle  with  lowest  levels  in  thymus,  spleen,  duodenum,  and 
lung. 

To  determine  the  spatial  expression  of  Hunk  and  Pune  in  a  select  group  of  tissues,  in  situ 
hybridization  analysis  was  employed.  As  shown  in  figure  12,  Hunk  and  Pune  are  expressed  in  a 
subset  of  cells  within  an  expressing  tissue.  This  is  consistent  with  the  punctate  expression 
pattern  seen  for  both  kinases  in  the  mammary  epithelium  during  development.  In  the  duodenum, 
Hunk  RNA  is  expressed  in  intestinal  crypt  cells  lining  the  intestinal  wall.  These  are  the  most 
immature  cells  within  the  organ  and  the  progenitor  stem  cells  undergo  differentiation  and 
maturation  in  this  region.  Within  the  uterus,  Hunk  is  expressed  in  the  glandular  epithelium. 

Pune  expression  is  also  restricted  to  a  subset  of  cells  within  expressing  tissues.  Pune  expression 
in  the  ovary  is  limited  to  the  granulosa  cells  surrounding  the  mature  follicle.  In  the  testis,  Pune  is 
expressed  at  very  high  levels  in  the  mature  spermatids  which  reside  in  the  center  of  the 
seminiferous  tubule.  This  data  is  consistent  with  Hunk  playing  a  role  during  differentiation  since 
expression  is  detected  in  more  immature  cells  as  they  are  differentiating.  Pune,  however,  has 
highest  expression  in  cell  types  that  have  completed  the  differentiation  process. 

Objective  III:  Determine  the  functional  roles  of  Hunk  and  Pune. 

Taskl:  months  12-48:  Determine  the  role  of  novel  kinases  in  differentiation. 

To  test  the  hypothesis  that  Hunk  and  Pune  are  involved  in  the  differentiation  of  the 
mammary  gland  during  pregnancy  as  predicted  by  their  expression  patterns,  transgenic  mice 
were  generated  to  overexpress  each  kinase  in  the  mammary  gland  using  the  hormonally 
responsive,  mammary  specific  promoter  from  the  mouse  mammary  tumor  virus  (MMTV)  LTR. 
This  promoter  drives  transgene  expression  in  the  mammary  gland  and  in  response  to  hormonal 
changes,  increases  transcription  of  the  transgene  during  pregnancy  and  into  lactation.  Hunk  is 
upregulated  early  in  pregnancy  and  by  mid  pregnancy  is  back  down  to  virgin  levels.  If  Hunk  is 
playing  a  developmental  role  early  in  pregnancy,  then  aberrant  overexpression  of  Hunk  later  in 
pregnancy  may  affect  the  ability  of  the  gland  to  properly  differentiate.  Although  Pune 
expression  is  upregulated  later  in  pregnancy,  endogenous  levels  drop  back  to  basal  expression 
during  lactation,  whereas  MMTV  driven  transcription  peaks  during  lactation.  This  difference  in 
regulation  will  help  us  address  whether  of  not  Pune  downregulation  is  necessary  for  proper 
differentiation  during  lactation.  Transgenic  mice  will  by  used  to  study  the  result  of  kinase 
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overexpression  on  differentiation,  proliferation,  and  carcinogenesis.  The  development  and 
differentiation  of  the  transgenic  mammary  gland  will  be  assayed  morphologically  by  analysis  of 
whole  mounts,  and  examination  of  hematoxylin  and  eosin  (H&E)  stained  sections  to  look  for 
changes  in  ductal  morphogenesis  during  puberty,  alveolar  formation  during  pregnancy, 
programmed  cell  death  during  postlactational  regression,  as  well  as  hyperplasia,  dysplasia,  and 
carcinoma.  In  addition,  the  expression  of  defined  molecular  markers  will  be  used  to  assay  for 
subtle  changes  in  programs  of  differentiation  and  development. 

Transgenic  constructs  were  assembled  using  the  MMTV-LTR  promoter  in  conjunction 
with  the  Ras  leader  upstream  of  the  transgene  and  the  SV40  polyadenylation  signal  sequence  was 
inserted  downstream  to  act  as  both  a  splice  donor  and  acceptor  sequence  to  ensure  proper 
processing  of  the  transgene  in  vivo.  A  plasmid  containing  the  entire  coding  region  of  Hunk, 
MMTV-Hunk  (MHK)  was  generated  by  truncating  within  the  3’UTR.  Two  constructs  for  Pune 
were  injected  into  oocytes,  one  containing  the  entire  cDNA  for  Pune  including  the  endogenous 
polyadenylation  signel  (MMTV-Pwnc;  MP)  and  a  truncated  form  of  the  protein  (MMTV- 
Pund truncated;  MPT).  Since  the  regulation  of  CaM  kinase  catalytic  activity  has  been  well 
described,  we  attempted  to  generate  a  constitutively  active  form  of  Pune  by  truncating  the 
protein  prior  to  the  autoinhibitory  domain.  Truncated  forms  of  CaMKII  have  been  shown  to  be 
constitutively  active.  Unfortunately,  without  a  kinase  assay,  the  activity  of  truncated  Pune 
cannot  be  assessed.  All  three  transgenic  constructs  were  injected  into  oocytes  and  after  screening 
potential  founder  animals  for  transmission,  5  founder  lines  were  established  for  MHK,  4  for  MP, 
and  2  for  MPT. 

Of  the  five  founder  lines  generated  for  MHK,  MHK1  passes  at  a  low  frequency  (10%), 
MHK5  passes  only  to  males  (Y  linked)  and  the  other  3  lines  passes  at  roughly  Mendelian 
transmission  rates  (except  MHK2  >50%).  In  order  to  determine  the  relative  transgene  expression 
levels  in  the  five  MHK  lines,  RNA  was  isolated  from  mammary  glands  of  animals  during  virgin 
development  and  Northern  analysis  was  used  to  determine  the  levels  of  transgene  expression 
using  a  Hunk  specific  probe  (Fig.  13  A).  Since  endogenous  Hunk  was  not  detected  by  Northern 
analysis,  RNase  protection,  a  more  sensitive  assay,  was  used  in  conjunction  with  phosphorimager 
analysis  to  determine  the  levels  of  transgene  expression  relative  to  endogenous  Hunk  expression. 
Although  expression  varied  slightly  from  one  animal  to  another  within  a  line,  MHK3  females 
express  the  transgene  at  levels  approximately  200  fold  higher  than  endogenous  and  MHK2 
roughly  50  fold  higher.  Transgene  expression  was  equivalent  to  endogenous  Hunk  expression  in 
MHK4  animals  and  no  expression  was  detected  in  either  the  MHK1  or  MHK5  lines.  Based  upon 
transgene  expression  levels,  MHK3  is  the  most  likely  line  to  have  a  phenotype,  therefore  we  will 
use  this  line  to  investigate  the  role  of  Hunk  in  mammary  gland  development. 

Mammary  gland  specificity  of  the  transgene  was  investigated  in  MHK3  animals.  Organs 
were  harvested  from  a  virgin  MHK3  animal  and  transgene  expression  was  determined  by  RNase 
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protection  analysis  using  an  antisense  riboprobe  spanning  junction  between  the  3’  end  of  Hunk 
and  the  5’  end  of  the  SV40  polyA  sequence.  With  this  probe,  we  are  able  to  distinguish 
endogenous  transcript  from  transgene.  As  shown  in  figure  14,  highest  expression  of  the 
transgene  is  detected  in  the  mammary  glands  of  female  mice.  Consistent  with  our  results, 
MMTV  driven  expression  has  also  been  described  in  spleen,  salivary  gland  and  thymus15, 17, 35. 
In  addition,  we  detect  transgene  expression  in  the  lung.  This  expression  profile  was  observed  in 
a  second  independent  animal  from  the  MHK3  line  and  in  a  female  from  the  MHK2  line. 
Quantitation  of  transgene  expression  (Fig.  14B)  demonstrates  the  tissue  specificity  of  the  MMTV 
promoter  in  the  MHK3  line. 

MHK3  transgenic  females  were  sacrificed  at  different  stages  of  development  including 
puberty,  pregnancy,  lactation  and  post-lactational  regression.  Whole  mounts  and  H&E  stained 
sections  were  used  to  screen  for  abnormal  mammary  gland  development.  As  shown  in  figure 
15 A,  the  most  dramatic  developmental  abnormality  in  the  MHK3  animals  occurs  during 
lactation.  Preliminary  evidence  suggests  that  exogenous  overexpression  of  Hunk  prevents 
terminal  differentiation  of  the  mammary  gland  during  lactation.  During  pregnancy,  the 
mammary  gland  differentiates  and  changes  from  an  epithelial  duct  network  infiltrating  a  fat  pad 
to  a  completely  epithelial  structure  comprised  of  lobular  alveoli  milk-producing  cells.  In  MHK3 
transgenic  animals,  adipose  tissue  persists  in  the  gland  well  into  lactation.  Although  female 
animals  from  this  line  are  able  to  lactate,  their  litters  are  often  smaller  than  normal.  Presumably, 
pups  die  due  to  lack  of  adequate  food  supply.  In  an  attempt  to  quantitate  the  differentiation 
phenotype  in  the  MHK3  animals  at  the  molecular  level,  Northern  analysis  will  used  to  assess  the 
levels  of  different  differentiation  markers  during  pregnancy  and  lactation.  Our  preliminary  data 
suggests  that  overexpression  of  Hunk  prevents  the  mammary  epithelium  from  completely 
differentiating  into  milk-secreting  alveolar  cells  as  determined  by  the  persistence  of  adipose 
tissue  in  the  lactating  glands  of  transgene  positive  animals. 

Four  founder  lines  have  been  established  for  MP  and  two  for  MPT.  RNase  protection 
was  used  to  determine  transgene  expression  in  these  animals.  No  expression  was  detected  in  any 
of  the  MP  lines  presumably  because  the  presence  of  the  endogenous  polyadenylation  signal  in 
the  cDNA  prevents  proper  processing  of  the  transgene  transcript.  It  has  been  shown  that  splicing 
is  required  for  efficient  processing,  stabilization  and  transport  of  mRNA  species  from  the 
nucleus.  In  a  second  attempt  to  overexpress  wild-type  Pune  in  the  mammary  gland,  a  construct 
has  been  injected  into  oocytes  that  lacks  the  endogenous  Pune  polyadenylation  signal  (MPK). 
Transgene  positive  pups  are  breeding  in  an  attempt  to  establish  MPK  founder  lines.  Since  the 
MPT  construct  is  truncated  at  the  C-terminal  end,  it  does  not  contain  the  endogenous  polyA 
signal  and  as  shown  in  Figure  13B,  high  levels  of  transgene  expression  are  obtained  in  the  MPT1 
line.  Unfortunately,  expression  is  not  detected  in  virgin  females  from  the  MPT2  line  (data  not 
shown).  A  third  potential  founder  animal,  MPT3,  did  not  breed  and  therefore  this  line  could  not 
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be  established.  However,  when  the  transgene  positive  male  was  sacrificed  at  10  months  of  age, 
strikingly  abnormal  ductal  morphogeneis  was  observed  in  the  mammary  glands.  The  epithelial 
tree  in  male  animals  does  not  normally  develop  past  the  rudimentary  tree  seen  in  the  left  panel  of 
Figure  15B.  As  shown  in  the  right  panel,  the  mammary  gland  from  the  MPT3  male  mouse 
contains  an  epithelial  tree  similar  to  what  might  be  seen  in  a  female  gland  during  mid  puberty, 
although  no  terminal  end  buds  were  observed  in  this  male.  RNase  protection  analysis  revealed 
transgene  expression  was  observed  in  this  animal  at  levels  approximately  3  times  higher  than 
endogenous  (data  not  shown).  This  suggests  that  overexpression  of  Pune  may  affect 
differentiation  of  the  mammary  gland  and  experiments  are  underway  to  further  investigate  this 
hypothesis. 

Task  2:  months  12-48:  Define  the  role  of  the  novel  kinases  in  proliferation. 

Clones  stably  transfected  with  Hunk  and  Pune  are  being  analyzed  to  determine  the  level 
of  transgene  overexpression  and  the  effect  of  overexpression  on  proliferation  in  tissue  culture 
cells.  Endogenous  Pune  RNA  is  upregulated  in  confluent  cells  (Fig.  16),  suggesting  that  it  may 
be  playing  a  role  in  proliferation,  however  expression  is  not  affected  when  cells  are  forced  into 
Go  by  serum  starvation  (data  not  shown).  In  combination  with  the  analysis  of  transgenic 
animals,  these  experiments  will  be  important  in  determining  whether  or  not  Hunk  and  Pune 
directly  affect  cellular  proliferation. 

Task  3:  months  18-48:  Determine  the  role  of  Hunk  and  Pune  in  carcinogenesis. 

As  shown  in  figure  6B,  Hunk  and  Pune  are  expressed  in  a  mutually  exclusive  set  of 
murine  epithelial  tumor  cell  lines  with  defined  initating  events.  There  are  at  least  two  possible 
explanations  for  this  oncogene-restricted  expression  pattern.  The  most  obvious  is  that  Hunk  and 
Pune  directly  upregulated  be  Neu  and  c-myc  respectively.  The  second  is  that  Hunk  and  Pune  are 
markers  for  subsets  of  epithelial  cell  that  are  preferentially  transformed  by  their  respective 
oncogenes.  In  a  previous  report,  several  genes  were  described  to  be  expressed  exclusively  in  neu 
and  H-ras  initiated  tumors  .  The  hypothesis  proposed  was  that  the  oncogene  restricted 
expression  was  a  result  of  preferential  transformation  of  a  particular  cell  type  by  a  particular 
oncogene  and  that  gene  expression  was  not  a  result  of  transformation,  per  se,  but  rather  reflects 
the  endogenous  expression  of  genes  in  a  particular  subtype  of  epithelial  cell,  i.e.  those  genes 
expressed  in  neu  and  H-ras  transformed  cell  lines  are  markers  for  epithelial  cells  preferentially 
transformed  by  neu  and  H-ras.  Consistent  with  this  hypothesis,  overexpression  of  neu  and  H- 
ras  in  c-myc  tumor  lines  was  not  sufficient  to  induce  genes  expressed  in  the  neu  and  H-ras 
transformed  lines.  Conversely,  overexpression  of  c-myc  in  neu  and  H-ras  lines  did  not  turn  off 
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expression  of  these  genes.  The  conclusion  of  this  study  was  genes  expressed  in  neu  and  H-ras 
lines  were  markers  for  a  subtype  of  epithelial  cell  preferentially  transformed  by  neu  and  H-ras. 
This  hypothesis  is  consistent  with  the  spatial  expression  pattern  of  Hunk  and  Pune  which 
suggests  that  these  kinases  may  be  markers  for  epithelial  cell  subtypes. 

To  address  the  hypothesis  that  that  differential  expression  Hunk  and  Pune  in  the  tumor 
cell  lines  may  be  a  direct  result  of  differential  induction  of  these  kinases  by  the  overexpression  of 
neu  and  c-myc  in  the  nontransformed  mammary  epithelium,  MMTV-new  and  MMTV-c-myc 
transgenic  mice  were  obtained.  Analysis  of  transgene  expression  by  Northern  analysis  and 
RNase  protection  showed  a  30  fold  increase  in  c-myc  expression  above  endogenous,  however 
upregulation  of  neu  was  not  detected  in  mammary  glands  from  the  transgenic  mice.  The 
expression  of  Hunk  and  Pune  was  not  affected  in  either  transgenic  line  suggesting  that  Pune  is 
not  directly  induced  by  c-myc.  Since  neu  overexpression  was  not  detected,  the  possibility  that 
Hunk  is  induced  by  neu  cannot  be  ruled  out  by  this  experiment.  To  more  clearly  address  this 
question,  neu  c-myc  under  the  control  of  the  CMV  promoter  has  been  transfected  into  cells  with 
varying  levels  of  endogenous  kinase  exprssion.  The  effect  of  oncogene  overexpression  on  kinase 
induction  will  be  analyzed  in  these  cell  lines. 

To  address  the  hypothesis  that  Hunk  and  Pune  are  markers  for  epithelial  cell  subtypes  that 
are  preferentially  transformed  by  different  oncogenes,  MMTV-c-myc  and  MMTV-new  animals 
were  allowed  to  get  tumors  and  kinase  expression  will  be  determined  in  the  primary 
adenocarcinomas  from  these  mice.  If  the  cell  type  hypothesis  is  correct,  we  would  expect  Hunk 
overexpression  in  primary  tumors  arising  in  MMT W -neu  animals  and  no  Hunk  expression  in 
MMTV-c-myc  derived  tumors.  Conversely,  Pune  expression  is  expected  to  be  restricted  to  c- 
myc  transformed  epithelium.  Analysis  of  these  tumors  is  in  progress. 

In  order  to  detemine  the  role  of  Hunk  and  Pune  in  human  cancer,  we  cloned  the  human 
cDNAs  for  Hunk  and  Pune  by  screening  a  human  fetal  brain  cDNA  library.  The  full  coding 
region  of  Hunk  has  been  isolated  and  amino  acid  conservation  in  the  coding  region  between 
mouse  and  human  is  greater  than  90%  identical.  The  entire  coding  region  of  Pune  has  been  more 
elucive.  We  have  isolated  all  but  the  extreme  5’  end  of  human  Pune  and  efforts  are  underway  to 
obtain  a  full-length  clone.  Regardless,  partial  cDNA  sequence  has  allowed  us  to  generate  human 
specific  probes  to  investigate  the  role  of  Hunk  and  Pune  in  human  cancers. 

Based  upon  expression  of  Hunk  and  Pune  in  the  murine  tumor  cell  lines,  we  hypothesize 
that  these  kinases  may  also  be  differentially  regulated  in  human  tumor  cell  lines.  To  address  this 
question,  RNA  and  DNA  was  harvested  from  60  human  tumor  cell  lines  representing  different 
types  of  human  cancers.  Southern  blot  analysis  will  be  used  to  determine  if  Hunk  and  Pune  are 
amplified  in  the  tumor  cell  lines.  Northern  blot  and  RNase  protection  analysis  is  currently 
underway  to  determine  if  Hunk  and  Pune  are  overexpressed  in  human  tumor  cell  lines.  As 
shown  in  figure  17,  Hunk  is  overexpressed  in  a  number  of  cell  lines  from  a  variety  of  tumor 
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types.  This  data  suggests  that  Hunk  may  be  playing  a  role  in  human  carcinogenesis.  It  will  be 
interesting  to  investigate  the  Neu  and  c-myc  status  of  the  mammary  tumor  cell  lines  to  determine 
if  the  correlation  observed  in  the  mouse  cell  lines  is  consistent  in  human  cell  lines.  Pune 
expression  in  these  tumor  cell  lines  is  still  being  examined. 

CONCLUSIONS 

In  this  report,  we  present  evidence  that  two  novel  kinases  identified  in  a  screen  for 
kinases  invoved  in  mammary  gland  differentiation  and  carcinogeneis  may  be  playing  a  role  in 
both  processes.  Hunk  and  Pune  are  both  regulated  during  mammary  gland  development  and 
their  spatial  expression  patterns  suggest  that  they  may  be  markers  for  epithelial  cell  subtypes 
within  the  mammary  gland.  There  are  several  different  types  of  cells  in  the  mammary  gland  - 
stromal  cells  including  adiposites,  and  epithelial  cells  including  both  luminal  and  myoepithelial 
cells.  Although  the  idea  that  multiple  subsets  of  mammary  epithelial  cells  exist,  there  are  no 
molecular  markers  to  distinguish  between  possible  epithelial  subsets.  Our  data  suggests  that 
Hunk  and  Pune  may  serve  as  markers  for  as  yet  unidentified  epithelial  cell  subtypes.  Consistent 
with  their  developmentally  regulated  expression  patterns,  we  provide  initial  data  suggesting  that 
both  kinases,  in  the  context  of  an  MMTV  transgenic  animal,  affect  normal  differentiation  of  the 
mammary  gland.  Data  also  suggests  that  these  kinases  may  be  playing  a  role  in  carcinogenesis. 
Both  kinases  display  an  oncogene-restricted  expression  pattern  with  Pune  expressed  exclusively 
in  tumor  cell  lines  derived  from  int-2  and  c-myc  overexpressing  glands  and  Hunk  expression 
restricted  to  Neu  and  H-ras  transformed  cell  lines.  Initial  observations  in  a  panel  of  human 
tumor  cell  lines,  reveals  overexpression  of  Hunk  in  cell  lines  of  different  tumor  types,  including 
several  breast  cancer  lines.  Taken  together,  we  hypothesize  that  Hunk  and  Pune  may  be  kinases 
in  signal  transduction  cascades  leading  to  both  the  development  and  possibly  the  transformation 
of  the  mammary  epithelium. 
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Figure  1:  Kinase  subdomain  sequences.  A)  Degenerate  oligonucleotide  primers  were 
designed  to  recognize  nucleotide  sequences  coding  for  invarient  amino  acids  in  tyrosine 
kinase  subdomains  VI  and  IX.  B)  Aligned  novel  serine/threonine  kinase  catalytic 
domain  sequences  (A32 /Hunt,  143 /Pune)  with  invarient  amino  acids  common  to  all 
protein  kinases  darkly  shaded.  Grey  boxes  surround  amino  acids  distinguishing 
serine/threonine  from  tyrosine  kinases  as  shown  in  panel  (A). 
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Figure  2:  Protein  kinases  identified.  Degenerate  PCR  was  used  to  generate  a  kinase 
catalytic  domain  library.  1500  transformants  were  screened  to  yield  41  kinases;  18 
receptor  tyrosine  kinases,  15  nonreceptor  tyrosine  kinases,  and  8  serine/threonine  kinases 
including  3  novel  kinases.  Some  kinases  were  identified  multiple  times,  others  only 
once. 
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Figure  3:  Kinase  expression  during  mammary  gland  development.  Kinase  catalytic  domain 

subunit  fragments  were  hybridized  to  Northern  blots  containing  3ug  poly(A)+  RNA  per  lane. 
Kinases  with  similar  expression  profiles  were  placed  into  groups  with  representative  graphs 
alongside.  Expression  levels  were  quantitated  by  phosphorimager  analysis.  Values  were  first 
normalized  to  actin  to  correct  for  dilutional  effects  of  milk  protein  production  and  then  the  10 
week  virgin  point  was  set  equal  to  1.0. 


23 


Proprietary  Data 


DAMP!  7-96-1-61 12 


Predoctoral  Training  Award 


P.I.:  Heather  Perry  Gardner 


Pregnancy  c  Regression 


Actin 


Figure  4:  Differential  expression  of  Hunk  and  Pune  during  mammary  gland  development. 

A)  RNase  protection  analysis  performed  on  RNA  isolated  from  the  mammary  glands  of  mice  at 
the  indicated  stages  of  virgin  development,  pregnancy,  lactation,  and  regression.  B) 
Phosphorimager  quantitation  of  Hunk  and  Pune  expression  in  (A)  normalized  to  actin. 
Expression  in  15  week  adult  virgins  is  defined  as  1.0.  Note  that  Hunk  expression  is  induced 
early  in  pregnancy,  whereas  Pune  expression  peaks  late  in  pregnancy. 
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Figure  5:  Hunk  and  Pune  are  differentially  expressed  in  distinct  subsets  of  mammary 

epithelial  cells  during  pregnancy.  In  situ  hybridization  analysis  of  Hunk  and  Pune  expression 
in  the  mammary  gland  at  day  7  and  day  20  of  pregnancy.  Dark  field  observation  reveals  that 
Hunk  and  Pune  are  each  expressed  in  punctate  patterns  that  define  temporally  and  spatially 
distinct  subsets  of  mammary  epithelial  cells.  The  number  of  Hunk  expressing  cells  peaks  at  day 
7  of  pregnancy,  whereas  the  number  of  Pune  expressing  cells  peaks  at  day  20  of  pregnancy. 
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Figure  6:  Protein  kinase  expression  in  mammary  tumor  cell  lines.  Northern  hybridization 
analysis  of  kinase  expression  in  a  panel  of  either  fibroblast  (3T3),  nontransformed  cell  lines 
(Non-Tx)  or  cell  lines  derived  from  breast  cancers  arising  in  transgenic  animals  overexpressing 
either  the  int2,  c-myc,  neu,  or  Ha-ras  oncogenes.  A)  Representative  Northern  blots  of  protein 
kinases  demonstrating  the  range  of  expression  patterns  observed  in  the  kinase  screen.  B) 
Oncogene-restricted  expression  pattern  of  Hunk  and  Pune  in  tumor  cell  lines 
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Figure  7:  Northern/IVT  analysis  of  cDNAs.  A)  Poly(A)+  blots  containing  RNA  isolated 
either  from  a  murine  mammary  epithelial  cell  line  {Hunk)  or  murine  brain  (Pune)  were 
hybridized  with  cDNA  probes  specific  for  Hunk  or  Pune.  B)  Hunk  and  Pune  cDNA  was 
transcribed  and  translated  in  vitro.  Protein  product  run  on  a  denaturing  gel  reveal  bands  of  the 
predicted  molecular  weight  for  each  kinase. 
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Figure  8:  Schematic  diagram  of  Hunk  and  Pune.  Amino  acid  numbers  correspond  to  defined 
motifs  as  shown. 


Figure  9:  Phylogenetic  analysis  of  kinase  catalytic  domain  sequences.  Kinase  catalytic 
domain  sequences  were  analyzed  using  ClustalW  sequence  analysis  software.  Relationships 
between  kinases  are  relative  to  branch  distances. 
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Figure  11:  Tissue  distribution  of  Hunk  and  Pune  mRNA  expression.  RNase  protection 
analysis  demonstrating  expression  of  Hunk  and  Pune  in  a  panel  of  murine  tissues  from  adult 
virgin  female  animals  (males  for  testis).  Actin  is  shown  as  a  positive  control. 


Figure  10:  RNA  expression  during  embryogenesis.  A)  RNase  protection  analysis  of  total 
RNA  from  mouse  embryos.  Actin  is  shown  as  a  loading  control.  B)  In  situ  hybridization 
analysis  of  Hunk  and  Pune  expression  in  frozen  day  18.5  embryo  sections.  Note  the  tissue 
specific  expression  of  Hunk  and  Pune. 
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Figure  12:  Cell  type  specific  expression.  In  situ  hybridization  analysis  demonstrating  A) 
expression  of  Hunk  in  duodenum  and  uterus  and  B)  expression  of  Pune  in  ovary  and  testis.  Note 
that  Hunk  and  Pune  are  expressed  only  in  a  subset  of  cells  in  each  organ. 


Figure  13:  Transgene  expression  in  mammary  glands.  A)  Northern  blot  analysis  of  Hunk 
transgene  expression  in  MHK  virgin  female  animals.  B)  RNase  protection  analysis  of  Pune 
transgene  expression  in  the  mammary  gland  from  an  MPT1  virgin  female  animal. 


28 


Proprietary  Data 


DAMD1 7-96-1-61 12 


Predoctoral  Training  Award 


P.I.:  Heather  Perrv  Gardner 


Figure  14:  Tissue  specific  transgene  expression.  A)  RNase  protection  analysis  demonstrating 
tissue  specific  expression  of  Hunk  in  an  MHK  virgin  female.  B)  Phosphorimager  quantitation 
analysis  of  (A)  with  mammary  gland  set  equal  to  1.0. 
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Figure  15:  Developmental  defects  in  Hunk  and  Pune  overexpressing  transgenic  mice.  A) 

Whole  mount  comparison  of  lactation  mammary  glands  from  wild-type  and  MHK3  transgenic. 
Note  the  decreased  alveolar  development  in  the  transgenic  gland.  H&E  staining  shows  the 
persistence  of  adipose  tissue  during  lactation  in  the  transgenic  gland.  B)  Abnormal  development 
in  an  MPT3  transgenic  male  gland. 
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Figure  16:  Increased  Pune  expression  in  confluent  cells.  RNase  protection  demonstrating  the 
upregulation  of  Pune  in  confluent  cells  versus  actively  growing  cells.  Actin  expression  is 
decreased  in  confluent  cells. 
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Figure  17:  Overexpression  of  Hunk  in  a  subset  of  human  tumor  cell  lines.  RNase  protection 
analysis  demonstrated  the  heterogenous  expression  of  Hunk  in  a  panel  of  human  tumor  cell  lines. 
Hunk  is  overexpressed  in  a  subset  of  tumor  cell  lines  from  a  variety  of  human  cancers. 
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